Describes the growth, contribution and impact of research carried out by the scientists of University of Mysore in science and technology. Indicate the patterns of communications of university scientists and studies the extent of concentration and scattering of their research output in different journals. Analyses the strong and weak areas of university research, their growth rate and impact in terms of average citations received. Also studies the output and impact of research under different existing subject departments of the university. Analyses the international collaborative share of research output at the overall level as well as across various subjects, indicating also the major countries involved in international collaboration. Describes the share and characteristics of select highly cited papers and the top productive authors
Introduction
Research productivity in higher education is gaining importance for the past one decade in India. Faculty members of the universities in India have two functions to perform, teaching and research. Teaching is one of the canonically performed functions. However, research in universities has gained momentum during the past one and half decade, mainly due to support received through Ph.D programme, in-house projects, and extra-mural funding projects from major government scientific agencies. The research output of the university scientists in the form of research papers in peer-reviewed scholarly journals is being considered as one of the main criteria for assessing the performance of the university scientists and faculty. The University of Mysore has been accredited "A+" by National Assessment and Accreditation Council in 2006.
The University of Mysore is among the foremost institutions of its kind, and is an enduring symbol in the sphere of higher education in India. It was founded by the then Maharaja of Mysore, His Highness Sri Krishnaraja Wodeyar IV and his Dewan, the renowned engineer statesman, Sir M. Visvesvaraya, on July 27, There were also the faculties of Medicine and Engineering. The University also offered diplomas in vocational subjects. The University Extension Lectures and Publication Bureau were notable features of the university. The main campus of the university created in 1960, lies in a picturesque area of 739 acres at the western end of the Kukkarahalli Lake. The university headquarters, the Crawford Hall, is located right across the lake on the eastern end. This inspiring locale of the campus was aptly named Manasagangotri (fountainhead of the Ganges of the Mind) by the poet-laureate, Dr. K.V. Puttappa (Kuvempu). In due course, two satellite campuses were set up in response to the demands of postgraduate education from semi-urban/rural areas: Sir M.Visvesvaraya Postgraduate Centre at Tubinakere in Mandya, and the Mysore University Postgraduate Centre at Hemagangotri in Hassan.
There are 37 postgraduate departments in University of Mysore, of which 14 are science departments. In all 132 faculty members are working in these 14 science departments. An attempt has been made in this study to analyze the contribution, growth and impact of the research output of the university scientists working in different S&T departments and faculties of the University of Mysore for the past one decade.
Objectives
The main objectives are:
• 
Methodology and literature review
The data for the study was downloaded from the Scopus database in June 2007. Scopus is an international multidisciplinary database indexing over 15,000 international peer reviewed journals in science and technology, besides more than 500 international conference/seminar proceedings. Publications data for eleven years from 1996 to 2006, were used for analyzing the growth and impact of university research. A larger time coverage data has been used to ensure accurate results. In addition, citations data for qualitative analysis of Indian research output was used. Three years citations window has been used for computing average citations per paper for all papers published by India from 1996 to 2003. Two years citations window was used for all papers published in 2004, and one-year citations window used for all papers published in 2005.
Various studies have been conducted in the past analyzing the contribution and impact of individual organizations. Fig 1) .
The impact of research was ascertained in terms of citations received by university papers during the first three years of their publication. This citations data for its papers published during 1996-2003 was normalized into an indicator 'average citations per paper' mainly for studying and understanding comparative growth in citations impact over previous years. The university has come to demonstrate significant rise in terms of average citations per paper from 1.53 in 1996 to 2.62 in 2003. Hence, it could be stated that the university has indeed progressed and has shown good quality research during 2000-03, except for the year 2000 (Table 1 , Fig 2) .
The university published its total research output in 405 peer reviewed national and international source journals in different disciplines of science and technology. The frequency distribution of university output in these 405 journals revealed a typical publication scattering pattern (Table 2 ). For example, the university faculty members published more than 100 papers in just one single journal, in 3 different journals it published between 26 to 43 papers each, and in the remaining 401 journals, its publication frequency had been ranging between 1 and 26 each in 11 years. This data seeks to demonstrate that visibility of the university in most source journals has been very low. This is also evident from the low cumulative productivity of university papers in different journal sets (Table 3) . It is only in relatively select few journals that its publication frequency has been somewhat better. The list of top 19 source journals is shown in Table 4 .
Subject-wise study of research papers
The University of Mysore has published in nearly 16 major disciplines in science and technology during 1996-2006. However, it is in four major disciplines that research activity of the university has been dominating. Chemistry, physics and astronomy, biochemistry, genetics and molecular biology, and agriculture and biological sciences are the most prominent areas of its research. Based on publications data for 1996-2006, its publications share in these four disciplines varied between 18% and 48%. In addition, the university has been making strides in new and emerging areas of research. For example, chemical engineering, energy, immunology and microbiology, and biochemistry, genetics and molecular biology are its emerging areas of research.
Although the size of publications activity in these subject areas is still small (ranging between 1 to 46 papers in four years), but its growth rate in these disciplines has been relatively faster, rising from 100% to 2100%. Besides, the average citation per paper in these disciplines has been remarkably high, ranging between 3.16 and 3.97. In comparison, the average citations per paper in the traditional subject disciplines have been varying between 1.17 and 2.34. It seeks to demonstrate that the university research has been doing comparatively better in terms of research impact in its emerging areas of research (Table 5) .
Department-wise profile of the university
As seen from publications data for University of Mysore indexed in Scopus database for 1996-2003, research output in science and technology is confined to 12 science departments of the university (Table 6) . Chemistry department leads in publications productivity with 379 papers during 1996-2006, followed by physics department (179 papers), and zoology department (63 papers). The research output by the remaining nine departments has been very small ranging between 9 and 43 papers during 1996-06. However, despite showing publications output of smaller size, publishing 27 papers only, biochemistry department has emerged stronger in its average impact per paper. It showed the highest average impact per paper of 3.15. The geology department with average impact per paper of 2.81 and chemistry department with average impact per paper of 2.36, followed the biochemistry department. The remaining departments showed average impact per paper in the lower ranges, varying between 0.25 and 1.83. Hence, departments of biochemistry and geology have indeed shown good performance in terms of quality research (Table 6) .
International collaborative research
The university published nearly 14% of its papers through international collaboration with institutions from USA, Germany, Japan, Canada, South Korea, and Denmark etc. Its collaborative research output during 1996-06 was the largest with USA (51%), followed by Germany (23%), Japan (10%), Canada (6%), South Korea (5%), and Denmark (4%). The publications activity through international collaborative research was the largest in physics (38.4%), followed by biochemistry (35.6%), and chemistry (28%). In other disciplines, its publication share of the international collaborative output has been small, varying between 0.5% and 13% (Table 7) Author productive profile of university members Table 8 gives the details of top cumulative authors, the corresponding number of cumulative papers and their cumulative share. It can be observed from Table 8 that research activity in the University of Mysore seems to be highly skewed. This is because top 80 authors account for 72% of total publications output by the university. This analysis is based on publication data in respect of the university in science and technology for its research papers published during 1996-06. The cumulative distribution of their publications also seeks to convey the point that the excellence in University of Mysore is confined to a body of select few authors. In other words, a large body of authors from the university contribute very small share, nearly 29% of the total university output. It also means that majority of the authors from University of Mysore show low publication frequency (Table 8 , Fig 4) . The select list of highly productive authors is given in Table 9 . 
Highly cited papers
The University of Mysore published a total of 1518 papers in 11 years, of which 17 papers have been considered as comparatively higher cited papers, each receiving 30 citations or more since their publication during 1996-2006. Of these, seven papers were published Table 10 . It is to be noted that the share of highly cited papers in the total output by University of Mysore in science and technology is still not very significant.
Conclusion
The research activity in University of Mysore in science and technology is on a growing path, growing with an average rate of 23% per annum. This analysis is based on publications data consisting of 1518 research papers, published by the university staff during 1996-2006. The university has indeed progressed in terms of quality of research. Its average citations per paper have risen from 1.53 in 1996 to 2.62 in 2003. Chemistry, physics and astronomy, biochemistry, genetics and molecular biology, and agriculture and biological sciences are its most dominating research areas. Chemical engineering, energy, immunology and microbiology, and biochemistry, genetics and molecular biology are its emerging areas of research. Its quality of research and its growth rate in emerging areas of research is better than in traditional research areas.
The international collaborative research activity in the university is still very small, accounting for just 14% share. This is because the international collaborative research activity in the university is confined to select few subjects, such as physics (38.4%), biochemistry (35.6%), and chemistry (28%). In other disciplines, it is still a low-key affair, varying between 0.5% and 13%.
The collaborative research activity in the university is also confined to select few countries. It is the largest with USA (51%), followed by Germany (23%), and Japan (10%), Canada (6%). It is least with South Korea (5%), and Denmark (4%).
Research activity in the university seems to be highly skewed. The excellence in research is confined to select few authors. In other words, publication frequency of large majority of authors from the university is small. Besides, the share of highly cited papers in the university output is still not very significant.
There is need to explore new opportunities for collaborative research with all countries from the developed and the developing world especially in the emerging areas of research such as chemical engineering, energy, immunology and microbiology, and biotechnology. Within the country the university departments may explore new models of collaborative research, such as going in for university-private partnership in research, as well as university-national laboratories partnership in research. Such measures have the potential to catalyze publications activity, improve publication frequency of authors as well as help improve their quality of research.
